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rhi-  Mjit'i  insoluble  reaction  picKluds  iK-ivceen  a  senes  of  amines  and  phenslstearu  acii!  and  dinon- 
slnaplitlialenesulfoiiK  acid  ueie  chosen  as  situcniialls  deleiniinale  piolof.pes  of  asliless  "salt"  tost 
inlubitois.  The  stabilities  o!  such  aclditises  dissoKed  in  an  oiKaiiic  phase  in  cotitait  uith  acpieoiis  phases 
ol  sarsing  pH  and  (X):  tonleiil  uere  in\estif(aled  Results  Heie  re|xirted  as  |R-icetil  hscIroUsis,  if, 
|K‘rceiil  of  nitii>){en  oiigiiialh  pieseiit  in  the  oiganic  phase  that  uas  ioiiiid  in  the  acpieoiis  phase  at  the 
leiniinatioii  of  the  reaction.  Salt  siabilits  dejiends  on  an  acid  displacenieiit  iiiec  liaiiistr  u herein  a  stiong 
ac  id  displaces  the  anion  conJu)'ale  of  a  sseakei  acid  Irotii  its  salt.  I  he  extent  to  which  the  aniine  coiii|n>- 
nent  oi  the  aiiiine  phensislearate  salts  is  eMiacled  b\  ualei  parallels  the  water  sohibilits  ol  the  aniiiie 
coni|Hinetit.  I’he  efieci  is  luiiher  enhanced  b\  the  piesence  ol  carbon  dioxide.  I  he  amine  coni|vinent 
of  the  aniine  dinoiishiaphihaleiie  stilfonales  is  extracted  bs  waiet  onls  in  iiace  anioiints  esen  in  the 
presence  of  cailKui  dioxide.  '!  he  piesence  of  acids  siioiif'er  than  carixiiiic  acid  in  the  acpieous  phase 
nia\  lesull  in  complete  destruction  oi  the  amine  phensistearate  and  in  substantial  depletion  ol  aniine 


Irom  solutions  oi  amine  diiionsliiaphthalene  sulion. 


INTRODUCTION 

The  present  investigation  tcrnierns  the  hydro- 
htk  stability  of  amine  salt  ashless  rust  inhibitors 
in  two-phase  water-ben;'.ene  sys»ems  in  the  pres¬ 
ence  of  carbon  dioxide.  There  is  a  recognized 
need  f<»r  an  ashless  rust  inhibitor  that  could  be 
used  for  prertecting  pijre  lines  and  other  fuel 
handling  and  storage  facilities.  Omtainers  for 
niilitars  fuels  are  subject  to  severe  corrosive  at¬ 
tack  b)  ubiquitous  water,  and  the  addition  of 
ash-forming  rust  inhibitors  to  these  fuels,  while 
alleviating  the  corrosion  problem,  will  impair  the 
operating  efficiencs  of  any  t\|x*  engine  In  ash 
de|x>sition. 

Effective  ashless  rust  inhibitors  must  meet  the 
following  requirements; 

1.  (airrosion  inhibition— The  additive  in  low 
concentrations  should  protect  ferrous  metals 
even  in  the  presence  of  a  fresh  or  salt  water  phase. 

2.  Extractabilits  —  The  additive  should  not  be 
readily  extractable  by  a  bulk  water  phase. 

3.  .Ash  — The  additive  should  dejjosit  no  ash 
ufxrn  fuel  combustion. 

4.  Compatibility  — The  additive  should  be*  phys¬ 
ically  and  chemically  compatible  with  the  fuel  and 
with  all  other  approved  additives  allowed  or  re- 
c|uired  b\  the  fuel  s|)ecifications. 


NRI  ni  (  02- 12,  Pmiiii  RK  (NII-0|-43-47.Vi  Ihis  k  an  ifilniin 

ufN}rt.  Hoik  <111  iliis  |ir<4»k’in  l^  (cintitiitin^  Maniiviipi  MiliiiiiftiNt 
ffhni.iix  2H. 


5.  Solubiliu  -The  additive  should  lx*  soluble 
in  all  types  of  fuels  at  several  times  the  inhibitory 
concentration. 

6.  Permanency— The  additive  should  not  be 
removed  or  rendered  ineffective  by  handling  or  b\ 
storage. 

7.  Emulsibility— The  additive  should  not  pro¬ 
mote  emulsification  of  the  fuel  with  water. 

Previous  investigations  at  NRI.  and  other 
laboratories  have  demonstrated  the  effective¬ 
ness  of  the  alkaline  and  alkaline  earth  group  metal 
salts  of  sulfonic  acids  as  rust  inhibitors  (1-5).  They 
have  established  that  oil-soluble  amines  and  amine 
salts  of  carboxviic  and  sulfonic  acids  are  also  effec¬ 
tive  ru.st  inhibitors.  Matty  of  the  com|)ounds  in¬ 
vestigated  were  commercial  salts  prepared  from 
siruciuiallv  indeterminate  sulionic  and  naph¬ 
thenic  acids  which  weie  bv-pr«Klucts  ol  jx’troleum 
refining.  Their  rust  inhibiting  pro|)erties  were 
erratic  and  a  significant  numlx*r  were  ineffective 
in  the  presence  of  bulk  water.  Because  of  the 
unknown  and  variable  cotiijxtsition  of  these*  itthibi- 
tors.  it  was  difficult  to  assign  with  cotifidence  the 
jKirameters  resjxtnsible  lot  |KK)r  |x*rfortnancc. 

Inorganic  cation  rust  inhibitors,  present  as 
additives  in  oils,  have  lx*eti  shown  to  tmdergo 
marked  chemical  and  phvsi;al  chatiges  in  the 
presence  of  water.  .Some  c»f  the  picMlucts  of  re¬ 
action'  lx*twecti  the  salt  atid  watet  mav  have  a 
grcatei  affinity  for  the  water  phase,  while  the 
free  acids  prcKluced  mav  markedlv  alter  the 
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additive  performance.  Man>  oil-soluble  carbox- 
ylates  will  precipitate  from  the  organic  phase 
at  high  relative  humidities  and  in  the  presence 
of  carbon  dioxide,  leading  to  a  complete  loss 
of  rust  inhibiting  potential.  Baker  and  Singleterry 
(6)  have  investigated  the  hydrolytic  stability  of  the 
alkaline  and  alkaline  earth  phenylstearate  salts 
and  the  dinonyinaphthalenesuifonate  salts  of  so¬ 
dium  and  barium  in  the  presence  and  absence  of 
carbon  dioxide  in  the  two-phase  water-benzene 
system.  In  the  absence  of  carbon  dioxide,  hydrol¬ 
ysis  did  not  exceed  three  percent.  In  the  presence 
of  carbon  dioxide,  the  phenylstearate  salts  were 
extensively  hydrolyzed  while  the  sulfonate  salts 
were  relatively  unchanged. 

Water  and  carbon  dioxide  are  ubiquitous  but 
undesirable  contaminants  in  every  hydrcKarbon 
fuel  undergoing  tiansportation  or  storage.  In  the 
present  investigation,  the  influence  of  carbon  di¬ 
oxide  on  the  two-phase  benzene-water  equilibrium 
of  amine  carboxybte  and  sulfonate  ashless  rust 
inhibitors  was  studied.  Phenylstearic  and  dinonyl- 
naphthalenesulfonic  acids  have  been  chosen  as 
representative  of  the  wide  variety  of  commercial 
naphthenic  and  sulfonic  acids  whose  amine  salts 
have  been  previously  investigated.  The  inorganic 
salts  of  these  acids  are  oil  soluble  and  water  in¬ 
soluble.  An  ammonium  cation  in  contrast  to  an  in¬ 
organic  cation  may  functions  as  a  Br0nsted  acid  (7) 
to  any  suitably  strong  base.  Therefore,  it  would  be 
expected  that  the  stability  of  an  ammonium  salt 
would  be  dependent  on  the  base  strength  of  the 
associated  anion,  the  dielectric  constant  of  the  en¬ 
vironment,  solvation  effects,  the  properties  of  the 
base  and  acid  conjugates  of  the  salt  ions,  etc.  The 
significance  of  these  additional  variables,  common 
to  amine  cations  as  a  class,  on  the  salt  stability  will 
be  discussed.  The  experimental  emphasis  will 
be  placed  on  the  manner  in  which  the  structural 
parameters  of  suitably  seleaed  substituted  ammo¬ 
nium  ions,  of  equivalent  Br0nsted  acidity,  in¬ 
fluence  the  hydrolytic  stability  of  their  salts  with  a 
strong  and  a  weak  proton  donor  acid. 

EXPERIMENTAL  PROCEDURE 
AND  MATERIALS 

Cheinicals 

Dinonylnaphthalcnesulfonic  acid  [H(DNNS)] 
[King  Organic  Chemical  Co.,  Norwalk,  Conn.] 
was  received  as  a  water-white  acid  dissolved  in  a 


low-boiling-point  naphtha  solvent.  It  is  prepared 
comntercially  by  the  sulfonation  at  27“C  of 
dinonylnaphthalene,  a  mixture  of  isomers  ob¬ 
tained  by  twice  alkylating  naphthalene  with  a 
branched  olefinic  propylene  trimer  in  a  Freidel- 
Crafts  reaction.  The  neutral  equivalent  of  the  acid 
is  502.9  (theoretical  460.7).  This  discrepancy  is 
attributed  to  the  presence  of  some  unsulfonated 
hydnxrarbon  in  the  product. 

Phenylstearic  acid  [H(^St)]  [Hollingshead 
Corp.,  Camden,  N.J.]  is  a  straw  colored  viscous 
liquid  isomer  mixture  prepared  by  arylating  oleic 
acid.  The  neutral  equivalent  weight  of  the  acid  is 
.S56.7  (theoretical  360.6).  Methylamine  was  ob¬ 
tained  by  the  quantitative  distillation  of  a  stoichi¬ 
ometric  quantity  of  methylamine  hydrochloride 
[Fisher  Scientific  Co.,  reagent  grade]  from  alka¬ 
line  solution  into  distilled  water  (CCb-free)  or 
int«>  an  isopropyl  alcohol  solution  of  an  organic 
acid  to  form  the  con  esponding  salt  in  situ. 

Benzylamine  [t^CH*-NHj]  and  triisoamyla- 
mine  [TI AA]  of  Eastman  Kodak  white  label  grade 
were  purified  by  passing  CO*-free  nitrogen,  at 
a  rate  of  60  cm®/min.  through  the  compounds  for 
two  hours.  The  equivalent  weight  of  the  ^CHs- 
NHj  was  107.9  (theoretical  107.12),  and  of  TIAA 
was  232.0  (theoretical  227.4). 

All  other  solvents  and  compounds  were  of  re¬ 
agent  grade  and  were  used  as  received.  Carbon 
dioxide  and  nitrogen  were  drawn  from  tanks  of 
the  dried  compressed  gas.  The  nitrogen  was  fur¬ 
ther  purified  by  passing  it  through  ascarite. 
Distilled  water  was  stored  in  an  ascarite-venterd 
pyrex  bottle;  it  had  pH  values  of  5.5  to  5.8.  When 
COt-free  water  was  desired,  it  was  redistilled 
from  an  alkaline  solution  in  an  all  glass  distillation 
apparatus  that  had  been  flushed  with  nitrogen. 
The  pH  of  this  distillate  was  6.7  at  25®C.  All 
distilled  water  fractions  were  routinely  tested  for 
dissolved  ammonia:  none  was  found. 

Plvpantioa  of  the  Amine  Salt* 

The  amine  salts*  of  H(DNNS)  and  H(^St)  were 
prepared  by  adding  stoichiometric  quantities  of 
the  base  to  the  acid.  The  prcxlucts  obtained  ranged 
from  glassv  solids  to  viscous  liquids.  Since  these 


•For  ihe  |nirpt*«c%  t»f  ci»mrnicnfc  alt  ihr  rrdtiton  Anditir  a^MMUtKMi 
pnidiNls  rrstihiriK  from  th^  addition  <»f  a  Mcnrhknnrtnc  quaiitiu  ot  a 
nitniKmrcHis  base  to  an  ofKanit  atid  hiM  Ik'  inferred  ii>  a^  cithct  amine, 
ammonium,  or  amminttim  sahs. 
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salts  were  not  in  a  physical  state  {)ermitting 
purification  by  the  usual  methods  the  impurity 
content  of  the  reactants  controlled  that  of  the 
salts. 

The  substituted  ammonium  salts  of  H(DNNS) 
were  prepared  according  to  the  methrKl  of 
Kaufman  and  Singleterry  (8).  fhe  naphtha  sol¬ 
vent  was  removed  from  the  H(DNNS)  by  evapora- 
tior  at  23‘’C  and  0.8-mm  Hg,  following  which 
it  was  dissolved  in  isopropanol  and  |>otentiom- 
etrically  titrated  with  a  slight  stok  biometric 
excess  of  an  amine  isopropanol  solution.  The  ex¬ 
cess  base  was  neuti  alized  by  back  titt  ating  with  acid 
to  the  indicated  end  point  voltage  obtained  from 
the  plotted  titration  curve.  The  alcoholic  solvent 
was  removed  bv  repeatediv  eva|K)rating  the  salt 
solution  in  a  rotating  flash  evaporator  under 
vacuum  at  70°C  with  intermediate  re-solution  in 
benzene.  I'he  final  residue  was  di.ssoived  in  ben¬ 
zene  to  make  a  0.05-molal  solution  and  analyzed 
(see  Analytical  Pnxedures).  The  methylamine, 
benzylamine,  and  triisoamyiamine  salts  of  H- 
(DNNS)  were  prepared  in  Ivenzene  solution  to 
be  used  in  the  two-phase  equilibration  experi¬ 
ments. 

Benzylamine  and  triisoamyiamine  phenylstearic 
acid  salts  were  prepared  by  adding  stoichiometric 
quantities  of  the  res|)ective  amine  to  the  acid,  and 
dissolving  the  reaction  mixture  in  sufficient  ben¬ 
zene  to  obtain  0.05-molaI  solution.  The  solution 
was  analyzed  for  stoichiometry  before  use.  .A  one 
to  one  stoichiometric  relationship  was  found  'a.- 
tween  N  (analysis  empirical  error  ±  0.6S? )  and  the 
carboxylate  group  (empirical  error  ±  0.9^^ ).  The 
methylamine  phenylstearic  acid  reaction  product 
proved  to  be  too  unstable  for  the  purposes  of  this 
investigation.  The  reaction  product  in  the  “dry” 
state  and  in  benzene  solution  rapidiv  lost  methv la- 
mine  base  to  the  vapor  phase.  The  hydrolytic 
stabilitv  of  this  compound  was  determined  by  a 
prcKedure  in  which  at  the  commencement  of  the 
ex|x?riment  the  methylamine  occupied  the  aque¬ 
ous  phase  and  an  equivalent  quantity  of  H(^St) 
the  organic  phase.  It  has  been  previ<iusly  rejzorted 
that  long  chain  carboxylate  salts  in  similar  two- 
phase  systems  will  reach  the  same  e(|uilibrium 
position  irres|x;ctivc  of  whether  the  salt  initially 
(Kcupics  anv  one  single  phase,  (»r  initially  exists  as 
a  free  acid  in  the  organic  phase  and  as  a  hydroxyl 
base  in  the  atjueous  phase  (9).  Preliminary  ex|x?ri- 
ments  in  the  current  investigation  have  confirnied 
this  finding. 


Experimental  Procedure 

I'he  hydrolytic  stabilities  of  the  methylamine, 
benzylamine,  and  triisoamyiamine  salts  of  H- 
(DNN’S)  and  H(<^St)  in  the  presence  of  carbon 
dioxide  were  determined  bv  eejuilibrating  30 
grams  of  a  0.05-molal  benzene  solution  of  the 
appropriate  amine-acid  reaction  product  with  an 
equal  weight  of  distilled  water.  Clarbon  dioxide 
was  bubbled  through  the  system  for  18  hours  at 
a  rate  of  15  em’/min  from  a  capillary  tip  IcKated 
in  the  water  phase.  Intimate  contact  of  the  phases 
was  achieved  with  a  minimum  amount  of  splat¬ 
tering.  The  carbon  dioxide  was  saturated  with 
respect  to  water  and  benzene  prior  to  entering  the 
two-phase  system  so  that  phase  vaporiz.ation  iosses 
were  negligible.  The  system  was  then  sealed  and 
permitted  to  stand  undisturbed  for  two  weeks  to 
equilibrate,  following  which  the  phases  were 
fuither  separated  by  centrifuging,  carefully  re¬ 
moved  from  the  reaction  vessel,  and  stored 
separately  for  analysis.  I'he  reaction  vessel  was 
twice  washed  with  a  1:1  (weight)  mixture  of  water 
and  benzene,  the  sepa.fation  and  removal  prcKess 
repeated,  and  the  total  weight  of  each  phase 
recovered  recorded.  Gravimetric  aliquots  of  the 
Ix^nzene  and  water  phases  were  analyzed  for 
the  reaction  products  and  the  results  reported 
in  the  terms  of  millimoles  per  1000  grams  of 
solution  (molal  concentration).  An  appropriate 
correction  was  made  for  the  dilution  of  each 
post-hydrolysis  pha.se  with  wash  solvent. 

The  hydrolytic  stability  of  additives  in  the 
absence  of  carbon  dioxide  was  determined  by 
containing  the  two-phase  system  in  a  sealed  vessel, 
care  being  taken  to  exclude  carbon  dioxide  by- 
flushing  with  CXVfrec  N*.  Intimate  contact  be¬ 
tween  the  phases  was  accomplished  by  magnetic 
stirring  (glass  encased  magnet)  for  three  hours 
following  which  the  system  was  {lermitted  to 
equilibrate  undisturbed  for  live  days.  When  large 
quantities  of  emulsion  formed  as  a  result  of  the 
agitation,  stirring  was  interrupted  and  the  emul¬ 
sion  broken  by  cixiling  to  — "O^C;.  If  any  emulsion 
remained  during  the  equilibration  jieriod,  the 
cooling  pnx'css  was  rcjieated.  No  solvent  losses 
iKcurred  anti  each  phase  was  analyzed  by  re¬ 
moving  gravimetric  aliquots  from  the  system. 
I'he  aqueous  phase  pH  was  recorded  at  the  com- 
memement  and  at  the  termination  of  each  ex- 
|>eriment.  Such  measurements  should  serve  as  a 
guide  to  the  corrosivity  of  bulk  water  in  long-term 


4 


M.  A  SCHEIMAN  AND  H.  R  BAKER 


contact  with  fuels  containing  amine  salt  ash¬ 
less  rust  inhibitor  additives  (Tables  1  and  2). 

To  assure  reproducibility,  each  experiment  was 
performed  twice  with  two  analyses  per  experiment 
and  the  results  of  the  four  analytical  determina¬ 
tions  averaged.  A  materiak  balance  was  kept  on 
each  experiment,  e.g.,  nitrogen  lost  by  the  organic 
phase  was  compensated  by  an  equivalent  amount 
found  as  gain  in  the  aqueous  phase.  No  aggre¬ 
gated  uncompensated  losses  larger  than  1.0%  of 
starting  solute  concentration  were  found  in  any 
set  of  experiments  (see  Table  I).  The  relative  salt 
instability  in  any  system,  reported  as  percent 
hydrolysis  in  Tables  1  and  2,  represents  the  frac¬ 
tion  of  the  total  nitrogen  originally  present  in 
the  benzene  phase  that  has  transferred  to  the 
aqueous  phase. 

Aaaljrtical  Proccdoret 

Br0nsted  acids  and  bases  occupying  the  organic 
phases  were  determined  by  nonaqueous  titrations 
according  to  the  method  of  Friu  (10).  Sodium 
methoxide  in  benzene  (O.IN)  titrated  such  acids 
as  ammonium  ions,  carboxylic,  sulfonic,  and  other 
relatively  strong  acids  to  the  same  thymol  blue 
end  point.  This  titration  established  the  toul 
acidity  of  the  organic  phase.  Total  nitrogen  in 
the  phase  was  determined  by  a  standard  micro- 
Kjeldahl  analysis  and  the  difference  between 
total  nitrogen  and  total  acidity  is  reported  as 
free  add  except  where  a  perchloric  acid  titration 
established  the  base  concentration.  In  ail  the 
0.05-molal  stock  solutions  that  were  prepared, 
total  nitrogen  was  equal  to  total  acidity  (average 
deviation  0.6%  per  analysis).  During  the  COt 
equilibration  pnKess,  nitrogen  leasing  the  or¬ 
ganic  phase  leaves  behind  an  equivalent  quantity 
of  water-insoluble  hydroxy  or  free  add  so  that 
total  addity  of  the  benzene  phase  at  the  com¬ 
mencement  and  termination  of  each  experiment, 
in  the  absence  of  mass  transfer  of  the  amine 
salt,  should  remain  consunt.  An  increase  in  the 
total  addity  at  the  termination  of  an  experi¬ 
ment  may  be  interpreted  as  add  formation  a- 
rising  ftom  the  reaction  of  carbon  dioxide  with 
organic  phase  solutes  or  solubilization  of  acids 
(such  as  carbonic)  originating  from  tiie  aqueous 
phase.  Organic  phase  losses  of  toul  additv  were 
always  accompanied  by  oil/water  emukion  forma¬ 
tion  in  the  aqueous  phase.  Benzene  phases 


containing  amine  phenyktearate  salts  were  ti¬ 
trated  with  O.OON  perchloric  acid  in  acetic  acid 
solutions  (10,11).  All  base  concentrations  (per¬ 
chloric  acid  titration)  of  the  0.05-molal  salt  sttxk 
solutions  were  equal  to  those  obtained  by  a 
Kjeldahl  analysis.* 

Attempts  to  titrate  organic  phases  containing 
the  sulfonic  acid-amine  reaction  products  with 
perchloric  acid  titraiii  were  unsuccessful.t 

Nitrogen  entering  the  aqueous  phase  was  de¬ 
termined  by  titrating  with  0.01  N  H2SO4  to  the 
Mas*  indicator  end  point.  This  procedure  was 
standardized  against  a  Kjeldahl  analysis  as  well 
as  against  a  potentiometric  titration  curve.  If  the 
post  hydrolysis  aqueous  phase  was  in  the  form  of 
an  oil/water  emukion,  a  toul  nitrogen  content  was 
determined  by  the  Kjeldahl  method  on  a  homog¬ 
enized  aliquot  while  free  amine  was  titrated  from 
an  aliquot  of  the  clear  centrifuged  sample.  Where 
the  aqueous  phase  initially  conuined  added 
hydroxy  acid  H1SO4),  the  micro-Kjeldahl 

method  was  used  for  ammonium  ions  while  ti¬ 
tration  with  O.IN  sodium  hydroxide  to  the  Mas' 
indicator  end  point  determined  the  free  (hydroxy) 
acid. 

An  outline  of  a  typical  analytical  scheme,  that 
for  benzylamminium  phenyktearate,  is  presented 
in  Table  1.  All  aqueous  phase  measurements  of 
hydrogen  ion  activity  were  performed  on  a  Beck¬ 
man  CS  pH  meter. 


*ll  Hould  be  an  improper  assumption  (o  infer  that  the  total  nitrof(en 
present  (Kjeldahl  anal^-sis)  is  the  base  titrated  by  perchloric  acid.  Per¬ 
chloric  acid  kill  neutraUze  any  rclatiwly  strong  proton  acceptor  such  as 
those  represented  in  the  following  etjuilibrium 

O  O 

I  I 

R  -  NH,-f  HO  -  C  -  R-  (R  -  \H;  O  -C-  R) 

Howeser.  at  the  end  point  the  strong  acid.  HCIO«,  has  displaced  and 
O  O 

I  I 

consened  any  R'  —  C  —  O'  piesent  into  R'  —  C  —  OH. 

tThe  cnsial  ciolet  indicaior  end  points  were  extended  antt  diffuse. 
In  prelimiiury  experiments,  all  titration  procedures  insolring  indicators 
were  calibrated  against  pntmiioinnrir  thration  turves  for  end-point 
color  change  and  stmchkimetry.  Amine  sulfonate  salt  solutkms  failed 
to  reproduce  the  prominent  "S~  shaped  curve  obtained  with  the  amine- 
carboxsbc  acid  solutions  (when  titrated  with  HQOd.  .Attempts  to  in- 
treasc  solsent  acidity  by  replacing  benzene  with  aretk  and  nr  using 
the  methods  recommended  bs  Pifer  and  Wollish  (I  I)  did  not  imptose 
the  titration  curse. 
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Table  I 

Analytical  Scheme  for  the  Instability  of 
Benzylamminium  Phenylstearate  in  the 
Presence  of  CO  *  and  a  Water  Phase 


Analytical  Pr<Kedure 

Concentration* 

A.  Benzene  Phase  (initial) 

1.  NaOCH  3  titration  (total  acidity) 

52.8 

2.  HCIO4  titration  (for  base) 

53.0 

3.  Kjeldahl  Analysis  (total  N) 

52.2 

4.  Average  of  items  1,2,3: 

(initial  salt  concentration.  Table  2) 

52.7 

B.  Benzene  Phase  (final) 

5.  NaOCH  3  titration  (total  acidity) 

52.7 

6.  HCIOt  titration  (for  base) 

(final  salt  concentration.  Table  2) 

27.6 

7.  Kjeldahl  Analysis  (total  N) 

28.0 

8.  Free  (hydroxy)  acid;  total  N(final)— total  acidity  (final): 

as  (free  acid.  Table  2) 

24.7 

9.  Loss  of  nitrogen  from  benzene  phase: 

total  N(final)  — total  N(initial) 

24.2 

C.  Aqueous  Phase  (initial  pH  =  5.6;  final  pH  =  7.56) 

10.  Residual  nitrogen  (initial) 

0.0 

11.  Cain  in  nitrogen  (final) 

24.0 

D.  Percent  N  leaving  the  «^H  phase  for  HjO  phase 

45.6*? 

*C>>rKtrntrjti<in  valuers  expressed  as  milliniok's  per  1000  g  soIuikhi. 


Table  2 

Stability  of  Amine  Salts  in  the  Presence  of 
Water  and  Carbon  Dioxide 


Salt 

Benzene  Phase 

Aqueous  Phase 

Percent 

Hydrolysis 

Initial  Salt 
(ionc* 

Final  Salt 
Cionc* 

Free  Acid* 
Ckmc 

Total  N* 
Cone 

pH 

CH,NK3*(DNNS)- 

56.7 

54.9 

0.3 

0.4t 

7.06 

0.5t 

1.7 

3.0 

^HrNH,+(DNNS)- 

53.0 

52.6 

0.4 

0.3 

6.74 

0.6 

(TIAA)^(DNNS)- 

43.1 

42.8 

0.0 

0.3 

7.06 

0.8 

CHs-NH,*(^t)- 

50.8 

0.4 

52.1 

50.4 

8.43 

99.2 

^CHj-NHiMt^t)- 

52.7 

27.6 

24.7 

24.0 

7.56 

45.6 

(TIAA)*(«^St)- 

49.9 

48.6 

1.2 

1.0 

7.71 

2.0 

*(>>ncenirati<)n  expressed  in  lerr^is  of  millimotes  }>er  10(Nlg  soIuimhi 
tEmulskm  was  formed  turner  \alue  represents  nonemulsKm  N 
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RESULTS  AND  DISCUSSION 

The  results  of  equilibration  studies  ot  the 
methylamine,  benzylamine,  and  triisoamylatnine 
salu  of  H(DNNS)  and  H(^St)  in  the  two-phase 
water-benzene  system  saturated  with  carbon  di¬ 
oxide  are  presented  in  Table  2.  The  instabilities 
of  the  salts  of  H(DNNS),  as  reflected  in  their 
percent  hydrolysis  (Table  2),  did  not  exceed 
1.0%  and  is  of  the  same  order  of  magnitude  pre¬ 
viously  reported  for  inorganic  cation  salts  (6). 
The  methylamine  salt  lost  3.0%  of  the  initial  salt 
concentration  to  an  oil/water  emulsion  with  the 
aqueous  phase.  Oil/water  emulsification  by  methyl- 
amine  or  ammonium  sulfonates  might  be  expected 
in  pipe  line  and  tanker  operations  and  would 
provide  a  mechanism  where  in  water-insoluble 
corrosibn  inhibitors  could  penetrate  a  subnatant 
aqueous  layer  to  reach  and  protect  underlying 
metals.  However,  an  adequate  concentration  of 
the  additive  should  be  present  in  the  fuel  to  pro¬ 
vide  a  reserve  buffer  against  the  leaching  effect 
resulting  from  repeated  conucts  with  aqueous 
subphases  during  transportation.  The  methylam- 
minium  salts  did  not  form  emulsions  when  in 
contact  with  aqueous  subphases  of  moderate 
acidity  (Table  Z). 

As  a  class,  the  salts  of  H(DNNS)  displayed  ex¬ 
cellent  subility  in  this  test.  Approximately  six 
molecules  per  thousand  (excluding  those  entering 
into  emulsion  formation)  were  destroyed  by 
this  treatment.  A  nitrogen<ontaining  fragment 
entering  the  aqueous  phase,  where  its  reaction 
product  with  carbon  dioxide  increased  the  phase 
pH  from  5.6  to  a  less  corrosive  7.0,  was  replaced 
in  the  organic  phase  by  free  H(DNNS).  The  zero 
“free  acid”  concentration  reported  lor  (TIAA)*- 
(DNNS)‘  in  Table  2  for  the  terminal  benzene 
phase  is  deceptive  and  represents  the  small  differ¬ 
ence  between  two  large  experimenul  quantities 
possessing  uncertainty  factors  (±  0.6%)  that  ap¬ 
proach  the  quantity' of  amine  deteaed  in  the 
aqueous  phase  (0.8%).  The  association  sutes  for 
the  brger  cation  sulfonates  in  Table  2  have  not 
been  determined.  However,  previous  investiga¬ 
tions  indicate  that  mkclle  formation  is  unlikely 
(8,12).  Fuoss  and  Kraus  (13)  have  proposed  ion 
pair  association  (H — )  for  such  salts  in  bw  dielec¬ 
tric  constant  solvents.  It  would  be  expected  that 
bn  pairs,  similar  to  the  larger  catbn  sulfonates  in 
Tal^  2,  would  be  comparatively  limited  in  their 
ability  to  solulnlize  water  or  enter  into  water/oil 


or  oH/water  emulsion  formations  There  exists  no 
evidence  that  the  formation  of  minor  quantities 
of  free  sulfonic  acid  as  a  hydrolysis  by-product  has 
increased  the  corrosivity  of  either  the  fuel  or  its 
associated  aqueous  subphase.  Investigations  of 
nitrogeneous  cation  salts  in  organic  solvents  indi¬ 
cate  that  excess  free  acids  present  will  asstKiate 
with  the  salt  by  solvating  the  ionic  bond  (14,15). 

The  term  hydrolysis  is  a  specialized  case  of  the 
more  generalized  metathetical  process  of  acid  dis¬ 
placement  and,  if  contained  in  a  single  phase,  is 
the  result  of  the  competitive  reaction  between  the 
anion  conjugates  of  acids  HAa  and  HAb  for  a  pro¬ 
ton  according  to 

HA,  +  A*  ^  Ai  -t-  HA*. 

If  the  process  occurs  in  a  two-immiscible-phase 
system  where  each  acid  and  its  anion  conjugate 
both  possess  large  distribution  ratios  in  favor  of  a 
singb  phase  (not  favored  by  the  second  acid-anion 
conjugate  pair),  then  the  reaction  may  be  con¬ 
sidered  an  interphase  ion  exchange.  The  results  of 
bn  exchange  studies  between  organic  phase  meth- 
ylamminium  (DNNS)  and  aqueous  phase  hydro- 
nium  ions,  which  are  part  of  an  investigation 
into  the  acid  displacement  mechanism,  are  pre¬ 
sented  in  Table  3  and  Fig.  1. 

The  relationship  bf;tween  the  extent  of  ion 
exchange,  reported  as  percent  hydrolysis  in  Table 
3,  and  the  equilibrium  aqueous  phase  hydronium 
ion  concentration  at  25”C  expressed  in  pH  units  is 

log  (%  hydrolysis)  =  2.08  —  0.34  (pH).  (I) 

The  mass  action  relationship,  represented  by 
Fig.  1,  conforms  to 

I  [R-SO,H3.  ^ 

®*[R-SO,  TI,N-CH,]. 

(0.472  ±  0.046)  log  [H>0+]  +  (0.530  +  0.032) 

(2) 

and 

_ _ [R-SOiH], _ 

^  [R  -  SO,  *HsN  -  CHj],  [H,0+]J« 

_ _ fCH,-NH*^l, _ 

[R  -  SOi  ^H,N  -  CH,],[H,0*];« 

=  3.39  ±0.25,  (3) 
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AQUEOUS  PHASE  HVOROGEN  ACTIVITY  (MOLES  / 1000 g  »^0) 

Fig.  1  -  Amine  distribution  as  a  function  of  equilibrium  HsO* 
concentration  in  aqueous  phase 


where  tiie  subscripts  0  and  a  refer  to  the  organic 
and  aqueous  phases  respectively  and  [H3O*] 
represents  the  measured  aqueous  phase  hydrogen 
ion  activity.  In  Fig.  1  the  ordinate  may  represent 
either  the  concentration  ratio  (at  equilibrium) 
of  free  sulfonic  acid  to  unreacted  salt  in  the  ben¬ 
zene  phase  or  the  molal  ratio  of  nitrogen  in  the 
aqueous  phase  to  organic  phase  nitrogen.  The 
abscissa  represents  the  hydronium  ion  activity. 

The  equilibrium  constant  Kr^  and  the  free 
energv'  change  for  the  ion-exchange  reaction 
derived  by  multiplving  both  parts  of  Eq.  (3)  to¬ 
gether  to  yield  are 

(K-..)-=K..=  t»  -  Sft-HMCH.  -  NH.»). 
and 

AF“  =  -L4Kcal/mole.  (4) 

The  value  of  obtained  when  Eq.  (4)  was  cal- 
cubted  from  the  experimentally  determined 
reactant  and  product  equilibrium  concentrations 
was  11.7±0.2.  The  absence  of  a  materia)  babneing 
salt  term  in  the  numerator  of  Eq.  (4),  solubility 
considerations,  and  tlie  lower  probability  of  a 
3-body  collision  in  a  bulk  phase  implied  by  the 


product  of  the  terms  in  the  denominator  may  indi¬ 
cate  that  the  reaction  occurs  in  a  series  of  steps 
and/or  at  the  interface  of  the  organic  and  aqueous 
phases.  A  constant  value  for  casioot  be  ob¬ 
tained  if  the  salt  concentration  in  the  denominator 
of  Eq.  (4)  is  not  squared.  Recent  investigations  in 
ihb  bboratory  on  the  conductometric  behavior 
of  salts  of  FI(DNNS)  in  various  low  dielectric  con¬ 
stant  organic  solvents  have  su^ested  that  a  free 
H(DNNS)  molecule  complexes  with  and  stabi¬ 
lizes  a  salt  molecule  (16).  The  overall  reaction  of 
Eq.  (4)  may  be  represented  conditionally  as 

2(R  -  SOI  *H,N  -  CH,).  +  ^ 

[(R  -  SQ,H)  (Salt)],+  (CH,  -  NH;)..  (5) 

The  distribution  coefficient  for  methybmine  be¬ 
tween  aqueous  and  benzene  phases  has  been  re¬ 
ported  (17)  to  he  20  and  the  free  energy  change 
for  the  isoelectronic  aqueous  phase  reaction 
between  methybmine  and 

CHa  -  NHJ  +  H,0  CHj  -  NH*  +  HaO*  (6) 
has 'been  reported  to  be  14.5  Kcal/mole  (18). 
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Addition  of  Eqs.  (5)  and  (6)  and  adjusting  the 
resultant  equation  to  reflect  the  20-fold  decrease 
in  organic  phase  methylamine,  the  organic  phase 
formation  constant  X*  and  free  energy  of  salt 
formation  in  Eq.  (5)  can  be  calculated, 

(CHa  -  NHi)*  +  [(R  -  SOsH)-(Salt)]o  ^ 

2(R-S03  *HaN-CHs)o 

K/=  7.76  X  lO'* 

AP  =  -14.9  Kcal/mole  (7) 

The  free  energy  of  salt  formation  calculated  from 
the  experimentally  determined  equilibrium  re¬ 
actant  and  product  concentrations  in  the  benzene 
phase  according  to 

[R-SO-XN-CH3]; 

^  [(R  -  S03H)  (Salt)],[CH3  -  NHt]« 

(8) 

=  7.2  X  KH* 

is  —14.8  Kcal/mole.  These  results  are  consistent 
with  the  ability  of  sodium  methoxide  to  titrate  a 
strong  acid  coupled  with  the  inability  of  perchloric 
acid  to  titrate  a  basic  species  in  the  analysis  of  the 
sulfonate  salts  as  mentioned  in  the  Analytical 
Procedures  section.  For  comparison,  the  calculated 
formation  constant  and  free  energy  decrease  of  a 
methylamine  carboxylate  in  water  are  of  the  order 
of  4.4  X  10*  and  7.7  Kcal/mole  respertively.  No 
evidence  for  the  transfer  of  aqueous  phase  acid 
to  the  organic  phase  at  equilibrium  was  found. 

Full  consideration  must  be  given  to  the  ion- 
exchange  propenies  of  ashless  salt  type  rust  inhibi¬ 


tors.  Sea  water  is  an  ever  present  contaminant  in 
bottoms  and  dead  spaces  of  the  main  fuel  storage 
tanks  of  aircraft  carriers  and  tankers.  The  amine 
salts  of  H(DNNS)  may  extract  or  undergo  ion- 
exchange  with  the  inorganic  salts  in  the  sea  water. 
In  the  present  investigation,  an  attempt  to  prepare 
a  benzene  solution  of  methylamminium  dinonyl- 
naphthalenesulfonate  by  the  metathesis  of  stoichi¬ 
ometric  quantities  of  methylamine  hydnKhloride 
in  water  with  sodium  (DNNS)  in  benzene  was 
abandoned  when  an  aliquot  of  the  aqueous  phase, 
rendered  basic  with  NaOH,  revealed  significant 
quantities  of  unreacted  amitte  hydrochloride.  It 
has  been  reported  that  such  large  size  amine  ca¬ 
tions  as  that  of  tri-n-octylamine  form  aggregation 
colloids  of  60  units  when  in  association  with  small 
radii  anions  (19).  So  that  theoretically  it  is  possible 
for  the  triisoamylamminium  (DNNS)  salt  to  extract 
NaC!  from  sea  water  to  form  (T1AA)*C1“  and 
Na*(D\NS)"  in  the  organic  phase.  .Aromatic 
solutions  of  H(D\NS)  and  tri-n-octybmine  ca¬ 
tions  have  been  described  as  liquid  ion  exchangers 
for  iron  (III)  in  water  (20).  The  products  of  the  ion 
exchange,  »>.,  inorganic  cation  salts  of  H(DNNS), 
have  been  reported  to  be  effective  corrosion  inhibi¬ 
tors  (1,2),  but  the  fuel-additive  system  has  lost  its 
desired  ashless  property. 

The  stabilities  of  the  organic  phase  amine- 
phenylstearate  salts  in  the  presence  of  carbon 
dioxide  and  an  aqueous  phase  (Table  2)  follow 
an  order  that  appears  to  be  predictable  from  the 
solubilities  of  the  amines  and  their  acid  conjugates 
(Table  4).  The  methylamine  salt  instability  is  the 
same  as  that  previously  reported  (6)  for  the  alka¬ 
line  metal  salts,  f.g.  99. S?,  while  losses  from  the 
organic  pha.se  for  the  (TlAA)^(^t)"  salt  were  of 


Table  4 

Physical  Properties  of  the  Amine  Sait  Acid  and  Base  Cxrnjugates 


Molecular 

K  V. 

Water  Solubility 

Benzene 

Weight 

.Acid  Form  Base  Form 

Solubility 

Methrlamine 

32.16 

4.,38  X  10-« 

V.S.  959  1/1  HjO 

33  1/1 

Benzylamine 

108.15 

2..35  X  10-» 

V.S.  * 

X 

T  riisoamylaminc 

228.4 

7  X  10  « 

<  10'*  molc/i  <  10“*  mole/1 

X 

Phen-.lstearic  arid 

360.6 

K.  =  10-» 

insol.  inMil. 

v.s. 

Dinonyinaphthalenc 

siilhinic  acid 

460.7 

K.  >  0.2 

insol.  insol. 

v.s. 

8). 
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the  order  of  2%.  The  benzyl  amine  salt  occupied 
an  intermediate  position  with  a  46%  transfer  of 
nitrogen  to  the  aqueous  phase. 

The  relative  effects  of  phenylstearic  acid  and 
carbon  oioxide  on  the  distribution  of  amine  be¬ 
tween  benzene  and  water  were  examined  by  de¬ 
termining  the  distribution  of  nitrogen  between  an 
organic  and  aqueous  phase  for  0.05-molal  benzene  / 
solutions  of  benzyl  amine  in  the  absence  of  CPi 
and  at  I  atm  COx  (Table  51.  It  is  clear  thaT the 
presence  of  the  oil-soluble  acid  promotes  the  re¬ 
tention  of  the  benzylamine  in  the  organic  phase. 
Constants  of  formation  K/  of  amine  caiboxylates 
in  low  dielectric  constant  organic  liquids  usi:ally 
range  from  100  to  1000  (20,21).  A  0.05-molal 
amine  carboxylate  salt  solution  would  then  con¬ 
tain  36  to  13  percent  of  the  stoichiometric  salt 
quantity  originally  present  as  unreaaed  acid  and 
amine.  Carbon  dioxide  reacts  directly  with  free 
amine  to  form  the  corresponding  ionic  ammonium 
carbamate  (22,23). 


TA8t.E  5 

Nitrogen  Distribution  Ratio  Between 
Water  and  Benzene  Phases  for  0.05-Molal 


Benzylamine  in  the  Presence  and  Absence  of 
COt  and  H(^t.)(0.05-»v'»!:;!  soln.) 


Type  of  System 

H,0/4H  Distribution  Ratio 

NH, 

0.21 

2.  ♦-CHj-NH, 

CO, 

7.42 

S.4-CH,-NH, 

CO, 

0.83 

H(4St) 

following  acids  shows  that  the  generally  accepted 
value  of  the  acid  strength  of  HsCOs  is  anomalous. 


O 

I 

R-NH,  +  CQt-R-NH;  O-C-NH-R 


O 

H 


HO  -  C  -  OH 


K,  =  4.30x  10-»  (?) 


O 

To  prevent  excessive  loss  of  nitrogen  to  an  | 


aqueous  pha.se  it  is  desirable  to  select  an  amine. 

CH,  -  C  - 

OH 

K,  =  1.78  X  10  * 

usually  of  high  molecular  weight,  whose  ionic 
reaction  products  with  carbon  dioxide  have  a  low 

O 

aqueous  phase  affinity. 

11 

The  possilnlity  of  high  molecubr  weight  amine 

HO  -  CH, 

-C-OH 

K,=  1.4X  10-* 

reaction  products  %vith  carboxylic  acids  extracting 
inot^nic  salts  from  sea  water  and  thereby  losing 

O 

O 

their  desired  ashless  property  has  not  been  ex¬ 

1 

1 

plored.  However,  the  existence  of  micellar  sodium 
caiboxylates  and  high  molecubr  weight  amine 

HO-C- 

C-OH 

K,  =  6.5  X  10-* 

hydrochlorides  in  organic  liquid  medb  have 

O 

O 

been  reported  (12,19,24). 

S 

II 

A  re-examination  of  the  results  of  the  pt  jsent 

HO-C- 

CH,  -C-OH 

K,  =  1.34  X  10  * 

and  previous  investigations  (6,9)  leads  to  the 

postulate  that  CO,  hydrolyzes  the  sulfonate  and  The  presence  of  an  electron  withdrawing  group 
carboxylate  salts  by  an  acid  displacement  mech-  in  proximity  with  the  carbonyl  carbon  actually 
anism  wherein  a  strong  acid  will  displace  the  promotes  the  acid  dissociation  when  com|>ared 
conjugate  anion  of  a  weaker  acid  from  its  salt,  to  acetic  acid. 

However,  the  published  (25),  and  commonly  ac-  Recent  investigations  (26-29)  have  indicated 
cepted,  first  dissociation  constant  of  HtCQ*  that  the  equilibrium  constant  lietween  CXh 
4.M  X  I0~^  indicates  that  it  is  a  much  weaker  acid  and  iu  hydrated  form  Htf^Os  in  water  is 
than  a  carboxylic  acid  (Ik .= approximately  1  x  10'* 

for  the  long  alkyl  chain  acids).  Examination  of  the  1^  _  [CO»]  _ 

structures  and  dissociation  constants  (25)  of  the  [HxCOs] 
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(hat  the  first  dissociation  constant,  expressed 
as  a  function  of  [CO*  +  H2CO3]  is 


,,,  [H30-][H(:03-] 

'  [CO*  +  H*C03] 


4.30  X  10 


=  0.76  for  saturated  H2CO3 

O 

II 

=  0.23  lor  0.05-molal  HC  -  OH 


and  that  the  true  Ki  of  H2CX);i  is 


O 


[H30"][HC03-] 

[HiCO,] 


1.7  X  10-«. 


=  0.11  ft)r  0.05-molal  CHj  -  C  -  OH 


Since  the  H3C03  ctmceiuration  in  water  is  a  func¬ 
tion  of  the  sparingly  soluble  CO*  concentration 
(ref.  25;  H*0  cone  =  0.0503  niolal),  a  weaker  acid 
will  displace  HCO3'  from  its  salt  at  low  pH  values 
(by  swamping  system  with  H3O*);  however  at 
higher  pH  values,  carbonic  acid  will  displace  the 
anion  conjugate  of  a  weaker  acid.  The  methyl- 
amine  phenylstearate  system  formed,  in  an  exo¬ 
thermic  reaction,  an  unbreakable  emulsion  in  the 
absence  of  carbon  dioxide.  However,  after  satura¬ 
tion  with  tarbon  dioxide,  the  emulsion  broke  and 
the  phase's  separated.  The  atpieotis  phase  pH  fell 
fiom  10.0  to  ap|)roximatel\  8.8  during  the  gas 
saturation  }K'ti<Kl.  II  the  0.05-molal  methylamine 
aqueous  solution  was  saturated  with  CO*  prior  to 
the  ex|K*ritnent,  tio  emulsion  was  formed  when 
combined  with  the  organit  phase. 

rite  (oiicepl  of  an  iit  id  displiK  ement  mechanism 
in  the  destruttion  ol  the  sining  salt  niethvlani- 
minium  (l)NNS)  in  the  orgatiK  phase  as  a  lumtion 
of  the  a<|(ieous  phase  hsdtonium  ion  activits 
(  Table  .3)  may  ihiw  Ik*  leH'xamined  from  a  dif- 
lerent  view)Kiint.  If  the  reattion  is  regardt*d  as  a 
measure  ol  the  comiR'tttive  ability  of  an  aqueous 
phase  at  id  HA  (considered  as  an  undisstK  iated 
molettile)  ot  its  anion  tonjugate  .A  to  eithei 
donate  or  accept  a  proton  from  an  organit  phase 
conjugate  pair  according  to 

(R  -  SOi)o+  (HA)„  (R  -  SO.,H)o  +  (A  ),. 

(ID 

then  the  value  of  K,,  will  rellect  the  older  ol  acid 
strength. 

_[R-SQ3H],[A  i„ 

[R-SO-U[HA]„ 

=  12.3  for  0.05-molal  H*S()4 

=  13.7  for  0.025-molal  H*S04 


CONCLUSIONS 

1 .  The  extent  to  which  the  amine  com|)onent  of 
amine  phenylstearate  salts  is  extracted  from  a 
hydrcxrarbon  solution  by  water  parallels  the  water 
solubility  of  the  amine  component. 

2.  Amine  in  amine  dinonyinaphthalene  sulfo¬ 
nates  is  extracted  by  a  water  phase  only  in  trace 
amounts  even  in  the  presence  of  carbon  dioxide. 

3.  The  extent  of  amine  extraction  from  amine 
phenylstearates  is  increased  by  the  presence  of 
CO*  in  the  acjueous  phase.  The  presence  of  acids 
stronger  than  carbonic  acid  in  the  aqueous  phase 
may  result  in  complete  decom|M>sition  of  amine 
phenylstearates  and  in  substantial  depletion  of 
amine  from  solutions  of  amine  dinonyinaphtha¬ 
lene  sulfonates. 

4.  Maximum  resistance  to  water  extraction  of 
amine  salts  used  in  fuels  or  oils  as  ashless  rust 
inhibitors  may  be  obtained  by  the  combination  of 
strong  oil-soluble  acids,  such  as  the  sulfonic  acids, 
with  high  molecular  weight  amines.  However, 
since  o  of  the  functions  of  the  inhibitor  may  be 
the  neutralization  of  weak  acids  in  the  contaminat¬ 
ing  aqueous  phase,  it  should  be  realized  that 
minimum  water  solubilits  may  not  be  compatible 
with  optimum  corrosion  protection  in  a  specific 
system.  Some  experimental  compromise  will  often 
be  retpiired. 
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